The distances between Escherichia coli genes oriented in the same direction on the chromosome vary considerably. For instance, the end of ppc is 596 bp upstream of the start of argE, whereas btuB overlaps murI by 68 bp (1) . The reasons for, and possible consequences of, this variation are as yet unknown. In this short note I investigate a potential relationship between intergenic distances and gene expression levels.
To compile a data set of intergenic distances between genes in the same orientation, the 100 bp upstream and downstream of the start codons of 1,037 E. coli genes from Ecoseq5 (6) were searched for perfect matches to the last 20 bp of 1,286 E. coli genes from Ecoseq6 (6). The search was restricted to the 100 bp upstream of genes, since these data were available for almost all 1,037 genes. Of the 1,286 complete gene sequences, 389 were found to terminate within 80 bp of the start codon of another gene. The distribution of intergenic distances is shown in Fig. 1 . There is a clear tendency for genes to terminate within 20 bp of the start codon of the next gene, with an overlap of the stop codon of one gene and the start codon of the next gene ( Fig. 1) being particularly common.
To investigate the relationship between intergenic distances and gene expression levels, the codon adaptation index (CAI) was calculated for each gene according to the method of Sharp and Li (7), with the modifications suggested by Bulmer (3) . The CAI is a measure of how frequently codons preferred by highly expressed genes are used (they are the codons which bind the most common tRNAs or which bind the tRNA with normal base pairing); the CAI value varies from 1.000, when only those codons which are most favored by highly expressed genes are used, to 0.240, when synonymous codon use is random (4). The CAI value is highly correlated to gene expression levels (5) and is often used as a surrogate measure of expression level (2, 4, 7) .
The distance between genes is correlated to the CAI values of both the upstream (r ϭ 0.122, P Ͻ 0.02) and the downstream (r ϭ 0.219, P Ͻ 0.0001) (Fig. 2 ) genes. However, the correlation with the CAI value of the upstream gene could be caused by the correlation between the CAI values of the upstream and downstream genes (r ϭ 0.516, P Ͻ 0.0001). To test this possibility, the distance between genes was regressed on the CAI values of the upstream and downstream genes simultaneously. In effect, this procedure asks to what extent the distance between genes is dependent upon the CAI value of the downstream gene when the CAI value of the upstream gene is held constant and vice versa. The equation so obtained was distance ϭ Ϫ2.98 ϩ 4.28 upstream CAI ϩ 41.30 downstream CAI, where only the coefficient for the CAI value of the downstream gene was significant (P Ͻ 0.0005); i.e., the distance between genes appears to be directly related to the gene expression level of the downstream gene, not the expression level of the upstream gene.
The distances between genes are plotted against the CAI values of the downstream genes in Fig. 2 . The genes appear to divide very roughly into two groups; many of those genes with a CAI value less than 0.45 have a gene terminating just upstream of or overlapping their coding sequences, whereas genes with a CAI value greater than 0.45 generally do not. Table 1 gives the number of genes in each CAI group (i.e., CAI Ͼ 0.45 and CAI Ͻ 0.45) which have another gene terminating within a certain distance. Note that six downstream genes were omitted because a complete sequence was not available. Only 12% of the high-CAI-value genes are overlapped by the preceding gene on the chromosome, compared with 41% of the low-CAI-value genes. Furthermore, there is also a deficit of genes terminating upstream but within 10 bp of high-CAIvalue genes when compared with the low-CAI-value genes; i.e., ignoring those genes which are overlapped, 20% of the high-CAI-value genes have a gene terminating within 10 bp, compared with 42% of the low-CAI-value genes. This suggests that the correlation between intergenic distance and the expression level of the downstream gene is largely due to a deficit of genes terminating within 10 bp of highly expressed genes or a surfeit of genes terminating within 10 bp of lowly expressed genes.
A lack of genes terminating close to highly expressed genes could be a strategy to avoid ribosomes at the end of the upstream gene interfering with ribosomes initiating at the start of the downstream gene. This idea gains support from the fact that intergenic distance is related to the CAI value of the downstream gene, not that of the upstream gene. This is true even for 41 of the 389 gene pairs which are known to be cotranscribed (with no known internal promoters between them); multiple regression gave the equation distance ϭ Ϫ28.69 ϩ 28.96 upstream CAI ϩ 95.77 downstream CAI, in which only the coefficient for the downstream CAI value was significant (P Ͻ 0.04). One might expect the distance between genes to be dependent upon the expression level of the downstream gene, since it is initiation, not elongation or termination, which is rate limiting in translation (3); i.e., it is the expression of the downstream gene, not the expression of the upstream gene, which will be affected by interference. There are, however, examples of highly expressed genes which are close together; for instance, rpsE, which codes for ribosomal protein S5, terminates only 4 bp upstream of rpmD, which codes for L30.
Although the correlation between the CAI value of the downstream gene and the intergenic distance is highly significant, it is fairly weak, so there are clearly other factors involved in determining the distance between genes. There are several possibilities. First, there is cotranscription; many genes in E. coli are thought to be transcribed together as parts of much larger transcription units; the need for transcription control elements, and hence space, upstream from many genes is thus eliminated. Second, the distance between genes could depend upon mechanisms of translational control. Third, there might be selection to reduce the total amount of DNA in the chromosome. And finally, the precise distances between genes could reflect the course of evolution. It is striking that many genes terminate by overlapping the start codon of the next gene on the chromosome (Fig. 1) . This could represent a functional strategy, or it may simply reflect the way in which the system evolved. Let us imagine that there is an advantage to bringing two genes closer together, to achieve some aspect of translational control, for instance. If there is an in-frame stop codon downstream from the upstream gene, then a mutation which eliminated the original stop codon could be advantageous even though a number of random amino acids would be introduced at the end of the gene. Since most genes start ATG, there is a high probability of having a TAA or TGA triplet, which could become the stop codon to an upstream gene, overlapping the start codon. One therefore might expect many genes to overlap the start codon of the next gene, not because it is the optimal arrangement, but because it was an available path for evolution to take.
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